The metabolic clearance of chicken IGF-I (cIGF-I), cIGF-II, human IGF-I (hIGF-I), and hIGF-II was examined in the chicken using I-labelled of tissue distribution and uptake were observed for I-cIGF-I and -II, except that cIGF-II uptake by the liver exceeded that of I-cIGF-I at 15 min post-infusion.
of the individual chromatographically defined pools in their clearance rate compared with the three components described by TCA 125 strongly suggested their identity. Both free 25I-labelled cIGF-II (3\m=.\11min) and hIGF-II (3\m=.\01min) were cleared at a greater rate than their IGF-I counterparts. Unbound hIGF-I was cleared at a greater rate than cIGF-I (4\m=.\45 vs 5\m=.\66min respectively).
A similar pattern for clearance was evident in the radiolabelled growth factors associated with the 43 kDa com- of tissue distribution and uptake were observed for I-cIGF-I and -II, except that cIGF-II uptake by the liver exceeded that of I-cIGF-I at 15 min post-infusion.
The rank order of tissue distribution was as follows: kidney Introduction The insulin-like growth factors (IGF-I and -II) are polypeptides whose primary, secondary and tertiary struc¬ tures are strikingly homologous to proinsulin. IGF-I is a 70 amino acid peptide which plays a significant role in mammalian growth as a mediator of growth hormone, either as an endocrine or autocrine-paracrine effector (Daughaday & Rotwein 1989) . The structure of mature chicken IGF-I (cIGF-I) was reported to be comprised of 70 amino acids, with eight amino acids differing from human, porcine or bovine IGF-I ). The amino acid sequence of the mature protein confirmed that deduced from cIGF-I cDNAs (Kajimoto & Rotwein 1989 , Fawcett & Bulfield 1990 ). IGF-II, which contains 67 amino acids, is structurally homologous (60%) and biologically related to IGF-I (Francis et al. 1989a,b) .
However, cIGF-II appears to exist as two variants and differs by up to 13 amino acids compared with mammalian IGF-II (Kallincos et al. 1990 , Taylor et al. 1991 , Upton et al. 1995 . Whether these compositional differences in IGF-I and IGF-II between the species are significant to biological function or metabolism remains unknown. The role and functions of the IGFs as mediators of growth and metabolism in birds is poorly understood (McMurtry 1994) . Moreover, the role of IGF-II is further complicated in the chicken by the absence of the type-2 IGF receptor found in mammalian species.
Recent evidence has established the presence of differ¬ ent fonns of IGF-binding proteins (IGFBPs) in embryonic and adult chicken sera (Armstrong et al. 1989 ) and embryonic turkey sera (McMurtry et al. 1996) Recombinant cIGF-II was produced as previously described (Upton et al. 1995) . The iodination of the growth factors was carried out as previously described by the chloramine-T method peak of radioactivity corresponding to low molecular weight degradation products was evident at 15 min postinfusion and its proportion of the total radioactivity increased with time (data not shown). At 7-5 min postinfusion, a majority (53%) of the 125I-labelled cIGF-I radioactivity was found in the 43 kDa fractions (31-34; Fig. 2a ). At this time-point, 37% of the radioactivity was free peptide (fractions 36-39) , while the remaining 10% was associated with the 150 kDa fraction (27) (28) (29) I-labelled cIGF-I (Fig. 2a) and 125I-labelled hIGF-I (Fig. 3a) .
A slightly different pattern of distribution of radio¬ activity was observed following neutral chromatography of 125I-labelled cIGF-II (Fig. 2b) and 125I-labelled hIGF-II (Fig. 3b) (Fig. 2b and Fig. 3b ) is attributed to the presence ofa 70 kDa IGFBP. This IGFBP-like protein was detected by ligand blotting when radiolabelled cIGF-II and hIGF-II were used as probes, but no cIGF-I or hIGF-I (Fig. 4) . With both radiolabelled IGF-I peptides the amount of radioactivity in these fractions was reduced (note fraction 30; Fig. 2a and Fig. 3d ), while more radioactivity was counted in these fractions following neutral fractionation of 125I-labelled cIGF-II and 12T-labelled hIGF-II ( Fig. 2b and Fig. 3b ). Despite this difference, the overall distribution pattern of the radiolabelled IGF-II peptides was similar to that observed for cIGF-I and hIGF-I.
Clearance ofgrowth factor radioactivity from plasma Pharmacokinetic analysis of the data demonstrated differ¬ ences in the clearance of the four radiolabelled peptides. As previously described, half-life estimates were calcu¬ lated from TCA-precipitable radioactivity present in each plasma sample ( (Fig. 4) . When chicken plasma was probed with cIGF-I or hIGF-I, a major band Figure 4 Ligand blotting of chicken plasma (C) and porcine serum (P) IGFBPs. Samples were subjected to gel electrophoresis, blotted and probed with 125l4abelled cICF-l, 125l-labelled cIGF-II, 125l-labelled hIGF-I or 125l-labelled hIGF-II (indicated by asterisk). The molecular weight standards in 5 mmol dithiothreitol/ml (Sigma Chemical Co.) were: ß-galactosidase (116 kDa (Fig. 4) (Fig. 5) . In this experiment, plasma collected from birds prior to the infusion of radiolabelled peptides (time 0) were pooled, chromatographed at neutral pH and the fractions subjected to ligand blotting (details in Fig. 5) . Results (Rechler & Nissley 1983) . In an earlier report ) it was demonstrated that radiolabelled hIGF-I administered in vivo in adult chickens is cleared more rapidly from the circulation than native cIGF-I. In the study reported herein, we have expanded the previously mentioned investigation ) to gain a more comprehensive understanding of the metabolism of IGFs and identify which organ/tissue functions may be influenced by the IGFs in birds. Figure 5 Ligand blotting of chicken plasma fractions chromatographed on Superose-12. Fractions (0-5 ml) are equivalent to those depicted in Figs 2 and 3. Chromatography was conducted as described in the Materials and Methods on a chicken plasma pool from plasma samples collected at time 0 (prior to infusion of radiolabelled peptides) in experiment 2. One hundred microlitres of the pooled sample were chromatographed and 0-5 ml fractions collected. Fractions (25-33) from two Superose-12 column runs were pooled and concentrated fourfold using Centricon 10 Microconcentrators (Amicon, Inc., Danvers, MA, USA). Samples were subjected to gel electrophoresis as described in the Materials and Methods. All lanes received 60 µ of samples except lanes 1 and 9. The lanes are: (1 and 9) whole chicken plasma, 3-5 µ ; (2 and 10) fractions 25 and 26 pooled; (3 and 11) fraction 28; (4 and 12) fraction 29; (5 and 13) fraction 30; (6 and 14) fraction 31; (7 and 15) fraction 32; and (8 and 16) fraction 33. Gel electrophoresis, blotting conditions and molecular weight markers were the same as in Fig. 4 , except that the blots were probed with 125l-labelled cIGF-II (lanes 1-8) and 125l-labelled cIGF-I (lanes 9-16). Film was exposed for 7 days.
This study also demonstrates that, in the chicken, IGF-I and -II are rapidly taken up by tissues. The pattern of tissue distribution is similar to that reported in rats (Ballard et al. 1991 , Bastian et al. 1993 ) with the greatest uptake of both radiolabelled peptides occurring in the kidney. It has been previously shown that the kidney has an important role in the turnover of insulin in the chicken, most likely involving specific insulin receptors (Milton et al. 1985) . Whether uptake of the radiolabelled peptides by the kidney in the chicken involves specific IGF-I receptors or insulin receptors remains speculative in view of the fact that few studies have reported tissue or organ IGF receptor distribution in birds. However, kidney IGF-I receptors have been reported for the rat, monkey and pig (Rechler & Nissley 1983 (Châtelain et al. 1987 ).
The only tissue in which cIGF-II uptake exceeded ( <0 5) IGF-I was noted in the liver at 15 min postinfusion, similar to the situation in the rat (Ballard et al. 1991 (Van Schravendijk et al. 1987 , Guler et al. 1989 . Similarly, the uptake of radioactivity present by the growth plate cartilage is indicative that this tissue is a target tissue for the IGFs. This is substantiated by recent reports (Rosselot et al. 1992 (Rosselot et al. , 1994 in which it was demonstrated that avian growth plate chondrocytes are responsive in vitro to IGF-I and not growth hormone, unlike the situation in mammals (Ohlsson et al. 1992) . IGF-I has previously been shown to stimulate heart mesenchymal cell proliferation (Balk et al. 1984 ), which in turn may account for the uptake of both peptides by the heart observed in our study. Somewhat (Tables 1 and 2 ). 
